The adenovirus ElA gene can immortalize primary cells in culture and render the cells susceptible to transformation by second transforming genes for adenovirus E1B or polyoma middle-T antigen, or' by the human mutated c-ras gene.
These three genes alone are insufficient to transform primary cells (35) . The myc gene has an action similar to that of the ElA gene in transformation of primary cells (22) . The ElA gene also activates a cellular gene for heat shock protein (18, 28) as well as the other adenovirus early genes (3, 17) , and in the case of adenovirus type 12 (Adl2) the ElA gene inactivates cellular genes for class I major histocompatibility antigens (5, 37) . These activations and inactivations of genes occur at the level of transcription. Recently the ElA gene was reported to repress enhancer-induced stimulation of transcription, but to activate transcription of genes not dependent on enhancers (6) . The regulatory effect of the ElA gene on transcription may be important in the process of immortalization of primary cells, but nothing is known about its role in this process.
The ability of the ElA gene to immortalize primary cells suggests that this gene plays some role in triggering cellular DNA synthesis. In fact, it has been suggested that the ElA gene acts on cell cycle progression in adenovirus type 5 (Ad5)-infected rat cells (7) . The expressions of c-myc and c-fos are induced in quiescent mouse cells early after addition of platelet-derived growth factor or serum, suggesting that these proto-oncogenes are involved in cell cycling in the early G1 phase (8, 12, 19) . Two types of growth factors are known to act in the early and late G1 phase of the cell cycle (31) : the platelet-derived growth factor renders quiescent cells competent to undergo DNA synthesis, and a factor such as epidermal growth factor (EGF) is required for progression of these cells towards DNA synthesis.
For determination of the effect of ElA gene expression in quiescent cells on the hormone-inducible promoter and expresses the fused gene upon addition of dexamethasone (15, 23, 34) . The vector DNA was introduced into the rat 3Y1 cell line (20) , whose growth is arrested by serum starvation. Cell lines in which expression of the ElA gene could be regulated by dexamethasone were established by using the Escherichia coli gpt gene as a dominant selective marker (26, 27) . These cell lines are useful for studies of ElA gene function in the progression of the cell cycle because no other early viral genes are present. Here we report that in these cell lines in a quiescent state, DNA synthesis was induced by dexamethasone, indicating that the Adl2 ElA gene has a mitogenic function.
MATERIALS AND METHODS
Cells. The 3Y1-B cell line, clone 1-6, is a clonal line of Fischer rat embryo fibroblasts (20) . The cells were cultivated at 37°C in Eagle minimal essential medium with 10% fetal calf serum. A DNA plasmid vector, pMASG, containing the Adl2 ElA gene downstream of the hormone-inducible promoter of the MMTV LTR and the E. coli gpt gene as a dominant selectable marker, was transfected into 3Y1 cells by the calcium phosphate coprecipitation procedure (11) . Gpt+ transformants were isolated and passaged as described (27) , except that the concentrations of aminopterin and mycophenolic acid in the selective medium were reduced to one-quarter and one-half, respectively, ofthose in the original procedure. Mycophenolic acid was kindly supplied by Ajinomoto Co. Dot-and Northern blot hybridizations. For isolation of cell lines expressing the ElA gene in response to dexamethasone, gpt+ cells grown in 24-well microtiter plates were incubated in the presence and absence of 10-6 M dexamethasone for 16 to 20 h. The cells were lysed in the 2 M guanidinium isothiocyanate lysis buffer described by Manser and Gefter (25) , and cellular RNA was transferred directly to nitrocellulose filters using a 96-well filtration manifold. Total cellular RNA for Northern blot analysis was extracted essentially by the guanidinium-cesium chloride method (10) . RNA (14) , which are known to contain a significant amount of receptor. The DNA vector, pMASG, was transfected into 3Y1 cells in which DNA synthesis was almost completely arrested at confluence (20) . After cultivation for 10 to 14 days in selective medium, gpt+ colonies were isolated and cultivated in three sets of 24-well microtiter plates. Only one set of cultures was treated with 10-6 M dexamethasone. At 20 h after the addition of dexamethasone, treated and untreated cells were lysed in lysis buffer, and cellular RNAs were transferred directly to nitrocellulose filters with a 96-well filtration manifold. The filters were hybridized to 32P-labeled ElA DNA probe, and after autoradiographic exposure of the filters, the clones that expressed dexamethasone-inducible ElA were selected. In this way, 7 of about 80 clones tested were selected. Clones of this type are shown by arrows in Fig. 2 cells were not treated with dexamethasone. In gMA19 cells, the amount of the 1.5-kb transcript was much greater than that of the 1.1-kb transcript, whereas in gMA16 and gMA13 cells the amounts of the two were nearly equal. The amounts of the 1.5-and 1.1-kb transcripts in these cells were comparable with those of the ElA transcripts in Adl2-infected KB cells (Fig. 3, lane s) . Approximately a 50-fold increase in the amounts of the 1.5-and 1.1-kb transcripts was observed after dexamethasone treatment in gMA16 cells. The 1.5-and 1.1-kb transcripts were further analyzed by Si nuclease mapping. The end-labeled probes used are shown in Fig. 4D . To determine the 5' end of these transcripts, RNAs were hybridized with the Tthlll-I-KpnI fragment, 3'-end labeled at the KpnI site. After digestion with Si nuclease, DNA-RNA hybrids were analyzed by electrophoresis under denaturating conditions (Fig. 4A) . gMA13, gMA16, and gMA19 cells treated with dexamethasone gave only one band of approximately 370 bases, indi- cating that almost all the transcripts were initiated 370 base pairs upstream from the KpnI site. This site corresponds to the junction of U3 and R in the MMTV LTR and is expected to be the initiation site of MMTV mRNA, as described (13) . A very small amount of the transcripts was detected in untreated cells.
The structures of the 1.5-and 1.1-kb transcripts were analyzed with the HindIII-HpaI fragment, 3'-end labeled at the HindIII site. Si-resistant DNA-RNA hybrids were subjected to electrophoresis under both neutral (Fig. 4B) and alkaline (Fig. 4C) conditions. RNA was prepared from gMA7, gMA16, gMA18, and gMA19 cells treated with dexamethasone. gMA7 cells gave several bands in the range of 0.94 to 0.7 kb in neutral conditions (Fig. 4B) . These bands were not taken into consideration since gMA7 RNA showed many bands on Northern blot analysis, presumably due to integration of multiple copies of the vector DNA and their rearrangements. gMA16, gMA18, and gMA19 cells gave bands of 1.5, 1.4, 0.94, 0.87, 0.83, 0.58, and 0.48 kb. The two last, short bands must be products cleaved from the splicing junction by treatment with excess Si nuclease, since they were also observed in alkaline conditions (Fig. 4C) . These bands correspond to the 5' half of the 13 and 12S ElA transcripts, which have different 5' splice sites but a common 3' splice site (36) (see Fig. 4D ). The bands of 0.87 and 0.83 kb correspond to the 13S (575 + 310 bases) and 12S (485 + 310 bases) ElA transcripts terminated at the ElA polyadenylation site. These bands presumably originated from the 1.1-kb transcript (Fig. 3) tional since they contain the entire coding region for ElA proteins.
The 1.5-and 1.4-kb bands may be the read-through transcripts spliced at both ElA and SV40 splicing junctions (see Fig. 4D ). The 0.94-kb band may correspond to the read-through products spliced between the 5' splice site of ElA and the 3' splice site of the SV40 sequence. The band may originate from the 1.5-kb band observed on Northern blot analysis (Fig. 3) and must be nonfunctional.
Induction of DNA synthesis in quiescent gMA cells by dexaihethasone. The kinetics of induction of ElA expression was analyzed by Northern blot analysis of the ElA transcripts. RNAs were prepared from gMA18 cells after treatment with dexamethasone at the times indicated (Fig. 5) .S -. (21) in the nuclei of gMA18 cells (Fig. 8) . In dexamethasone-treated cells (Fig. 8A) , most nuclei showed fluorescence, but the intensity varied in different nuclei. Very few nuclei of untreated cells showed fluorescence (Fig. 8B) , and most of these nuclei contained undetectable levels of the ElA proteins.
Of gMA7, gMA16, gMA18, and gMA19 cells, gMA18 cells (2) . Activation of the MMTV LTR-myc fusion gene in growth-arrested BALB/c 3T3 cells induced cellular DNA synthesis in up to 28% of the cell population. This induction of DNA synthesis was also enhanced by EGF. These results suggest that threshold levels of both ElA gene products and cellular factors are required for full induction of cellular DNA synthesis. The threshold levels of the oncogene products mos (30) , src (16) , and polyoma middle-T antigen (32) required for expression of the transformed phenotypes have been determined by use of the hormone-inducible promoter of the MMTV LTR.
The hormone-inducible promoter of the MMTV LTR is also useful when a gene product is cytotoxic and constitutive synthesis of a gene product at high level is lethal to the cells (21, 30) . Since a significant amount of a gene product begins to be synthesized in a short period (about 4 h) after addition of the hormone (21) , this promoter is useful for analysis of the kinetics of complex cellular events induced by switch-on of an oncogene.
